The maldevelopmental model of schizophrenia postulates pathological alterations in embryonal neurogenesis as the etiopathogenetic basis of schizophrenic psychoses. The neurotrophic factor hypothesis explains these neuropathological abnormalities as the result of alterations of the neurotrophin system caused by different mechanisms such as a genetic, infectious and traumatic factors. The tyrosine-kinase containing receptors trkB and trkC mediate growth-promoting effects of neurotrophins and respond to changes in neurotrophic factors availability. AIM: The aim of the present study was to establish the expression pattern of trkB and trkC in rat brain structures by a developmental model of schizophrenia. MATERIALS AND METHODS: On cryostat coronal brain sections of control and lesioned rats (after infusion of ibotenic acid solution bilaterally into the hippocampal formation), immunoreactions for trkB and trkC were performed. RESULTS: We found diminished expression of trkB and trkC in the hippocampal formation of lesioned animals compared to the controls. Quantitative measurements of immunohistochemical reactions intensity and statistical analysis confi rmed the reduced immunoreactivity for antigens under study (trkB and trkC) in the positive hippocampal neurons of 56-day-old lesioned rats compared to the control animals. CONCLUSION: The observed downregulation of neurotrophic factor receptors expression may compromise the function and plasticity of hippocampal formation in schizophrenic brains.
INTRODUCTION
The maldevelopmental hypothesis of schizophrenia postulates that an altered cytoarchitectural structure of certain brain areas, dysconnections and changes in neural plasticity are the pathophysiological basis of this devastating disease and underlie the clinical symptomatology which is characterized by disturbed information processing and psychotic symptoms as hallucinations, delusions and disorganized speech. 1, 2 This hypothesis is supported by a number of histopathological, morphological and clinical studies. 1 It seems that the developmental defi cits are relevant not only during prenatal embryo-and organogenesis, but persist throughout life, thus activating further structural changes during adolescent pruning of neurons and aging processes. 2 The neurotrophins, known as nerve growth factor (NGF) family including small proteins with high degree of structural homology as well as other growth factors, are not only directly involved in neuronal proliferation, migration, differentiation and survival during embryogenesis, but they are also associated with the regulation of synaptic activity and neurotransmitter synthesis in adults. 3, 4 A pathological alteration of the neurotrophic factor system may thus lead not only to neural maldevelopment, migrational defi cits and dysconnections, proposed to be characteristic pathogenetic features of the maldevelopmental hypothesis, but also reduced neural plasticity, which would impair the individual's ability to adapt to crisis situations.
For instance, altered synthesis and/or release of neurotrophins during defi ned developmental periods could affect the way neuronal networks are formed or maintained, and thus could possibly be an underlying cause for the development of disease. 5, 6 The tyrosine-kinase containing receptors trkB and trkC mediate growth-promoting effects of neurotrophins and respond to changes in neurotrophic factors availability. 3 It has been reported that patients with schizophrenia have reduced neurotrophin levels and altered trkB and trkC expression in their frontal cortex, dorsolateral prefrontal cortex and cerebellum compared to normal unaffected individuals. 7, 8 
АIM
The aim of the present study was to analyze the expression of trkB and trkC in rat hippocampal formation by a developmental model of schizophrenia.
MATERIALS AND METHODS
EXPERIMENTAL PROCEDURE Seven-day-old male Wistar rats were divided into two groups: control and lesioned animals (n = 10 per group). Using a Hamilton needle, 0.3 μl of 10 μg/μ -1 of ibotenic acid solution (Sigma) in lesioned rats or artifi cial physiological solution in control animals was infused bilaterally into the hippocampal formation (AP -3.0 mm; ML ±3.5 mm; VD -5.0 mm, relative to bregma). Fifty-six-day-old control and lesioned animals were anesthetized deeply with fentanyl (0.2 mg/kg, i.p.) and midazolam (0.3 mg/ kg, i.p.) and were perfused intracardially through the ascending aorta with 100-150 ml of PBS followed by 100-150 ml of Zamboni's fl uid. The brains were removed immediately, cut in slides and post-fi xed in the Zamboni's perfusion solution for 24h and prepared for immunohistochemistry and routine morphological analysis.
IMMUNOHISTOCHEMISTRY
On cryostat coronal sections (20 μm thick, cut at -20°C) from brain blocks in which the hippocampus is located, immunoreactions for trkB and trkC (primary polyclonal anti-trkB and anti-trkC antibodies, Santa Cruz, USA, 1:1000) were performed using Vectastain® Elite ABC detection kit with DAB as chromogen (Vector, USA).
QUANTIFICATION OF IMMUNOHISTOCHEMISTRY AND STA-

TISTICS
The intensity of the immune reactions for trkB and trkC in positive neurons were assessed using the special software DP-Soft (Olympus, Japan, version 3.2 for Windows) on Microphot-SA (Nikon, Japan) microscope, equipped with a Camedia-5050Z (Olympus, Japan) digital camera. The values of intensity ranged between 0÷256, where 0 represents -white and 256 -black. The course of the reaction intensity in positive cells was evaluated in different microscopic fi elds of each brain section (at least 100 cells). Mean intensity of antigen expression for each animal of a group was calculated. The results were analyzed using Student's t-test. Statistical signifi cance was set at p < 0.005. The results are presented as means ± SEM.
All experimental procedures were approved by the Ethical Committee of the Medical University Plovdiv. 
RESULTS
Using free-fl oating cryostat sections from brain blocks in which the hippocampus is located, we found immunohistochemical staining for trkB and trkC with diminished intensity in hippocampal pyramidal cells (CA1, CA2 and CA3 fi elds) and granule cell layer (GrDG) of the dentate gyrus of the 56-day-old lesioned rats compared to the control animals. Analysis showed that the reduction in trkB and trkC immune reactions was more pronounced in the cells of CA3 and dentate hilar cells, areas of the rat brain where the neuronal progenitor cells divide and continue to generate neurons postnatally. 9 ( Figs   1-4) . Quantitative measurements of immunohistochemical reactions intensity using DP-Soft image system and statistical analysis confi rmed the changes in the immunoreactivity for antigens under study (trkB and trkC) in the positive neurons. Decreasing curves of the reactions intensity in the hippocampal neurons of the 56-day-old lesioned rats compared to the control animals are evident (Figs 5, 6 ).
DISCUSSION
The theory that alterations of the neurotrophic factor metabolism is a pathophysiological event in schizophrenia may be related to maldevelopmental phenomena which have been postulated for this group of psychotic disorders. 1, 10 Human studies showing altered neurotrophin levels in schizophrenic patients, both in plasma and the central nervous system 5, 11 suggest that changes in the neurotrophins expression might contribute to the disease pathophysiology, one aspect of which is a disturbed capacity for functional plasticity in these individuals. This hypothesis is supported also by studies describing reduction in the level of tyrosine-kinase containing receptors for neurotrophic factors in schizophrenia. 7, 8 In the present study we used a model of neonatal damage of the hippocampal formation by administration of the glutamatergic agonist ibotenic acid, a molecular trigger of the excitotoxic cascade, which reproduces a wide spectrum of structural and physical abnormalities most of them recognized as fundamental features of schizophrenia. 12, 13 Analysis showed trkB and trkC expression to be with diminished intensity in the hippocampal pyramidal cells and granule cell layer of the dentate gyrus of the lesioned rats, whereas the reduction in trkB and trkC immune reactions is more pronounced in the cells of CA3 and dentate hilar cells. The hippocampal dentate gyrus is one of the few areas of the rat brain that continues to generate neurons postnatally and the neuronal progenitor cells divide at the border between the hilus and inner and outer blade of the GrDG. 9 On the other hand, the CA3 region of the hippocampus is the major projection area from the dentate gyrus. The existence of a synaptic connection between CA3 and dentate gyrus was confi rmed and that CA3 has a role in regulating neurogenesis in the dentate gyrus of the adult rat brain. 14 Our fi ndings show that there are likely to be alterations in the neurotrophic factor system in the hippocampal formation by experimental model of schizophrenia, which could explain, at least partially, some of the morphological, cytoarchitectural and neurobiochemical anomalies found in this major psychotic disorder. 2 The current data suggest that the disturbance in the neurotrophin ligand-receptor system is one of the factors which have been considered in the etiolopathological cascade of schizophrenic psychoses. The changes of the neurotrophic factor system in schizophrenia seem to follow a neuroanatomically differentiated pattern characteristic of this disorder. 5, 11 
CONCLUSIONS
The observed reduction of neurotrophic factor receptors is taken as further evidence for the hypothesis that alterations in the expression of neurotrophin system participate in the neural maldevelopment and the disturbed neural plasticity in schizophrenic brains. In this respect, the results obtained are additional evidence in support of the neurodevelopmental model and neurotrophic factor hypothesis for schizophrenia. Dysfunctions of the neurotrophins and their peculiar receptors may contribute to impaired brain development, neuroplasticity and synaptic neurotransmitter system leading to the schizophrenic syndrome. 
